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who fay that the cubic foot contained a quadrantal 
of wine j and as little to believe that thefc two 
ftandards were ever truly adjufted to each other. 

But had the original ftandard of the Roman foot 
been truly adjufted to the quadrantal, and continued 
invariable from the time of its firft eftablifhment, yet 
a falfe meafure of it might at one time or other have 
got into common ufe at Rome, as well as a falfe 
meafure of the French foot did at Paris ^ where in 
the year 1668, the mafon's foot was found to exceed 
the foot of the Chatelet by j\ of a Paris inch (5)), 
which is above 7% of a London inch: and the unac- 
countable negligence which appears in the Roman 
coinage,^ gives fufScient ground to fufpeit they were 
not more accurate in their meafures. 



LXX. A Defcription of a metalline Ther- 
mometer \ by Keane Fitzgerald, Efq\ 
F* R. S. Communicated hy the Right Hon. 
George Earl of Macclesfield^ Prefident of 
the Royal Society^ 

^^^\ ^o^ ^^' T^ ^^ univerfalty allowed, that all bodies, 
^^ °' X whether folid or fluid, are expanded 
and contrafted by heat and cold ; and, as far as ex- 
f^riments of this kind have yet reached, it appears^ 
that fcarce any two bodies of different natures, or 
even of the fame^ are expanded, or contraded equally 
by the fame degrees • 



(g) Picard, in the paper Dc Mcnfiiris> quoted above. 
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The advantages that may be denved from being 
able, by proper inftruments, to afcertain the degrees 
of natural and artificial heat and cold, with refpecfl 
to philofophical inquiries 3 and alfo to fcveral ufeful, 
and common purpofes in life; have induced many 
ingenious perfons to apply their thoughts that way ; 
and endeavour to form fome certain flandard, or 
gage, by which this may be obtained. The three 
principal bodies that have been made ufe of for this 
purpofe ; are air, alcohol, and mercury. 

Mr, Boyle, the great promoter of experimental 
philofophy, made a thermometer on the principle of 
air, which, to a certain degree of heat or cold, an- 
fwered very minutely. Alcohol, or fpirit of wine, 
has been more generally ufed j but has been found 
to lofe, in time, much of its expanding quality ^ and 
alfo to be frozen by an intenfe degree of cold. Mer- 
cury, as not deemed fubjedl to thefe inconveniencies, 
has therefore been allowed the moft proper for the 
purpofe. 

The learned Dr. Halley has obferved, that mer- 
cury expands very feniibly at firft, attaining very 
nearly the fame height, fome time before the w^ater 
boils, in which it is placed; that it does on the 
ftrongeft boiling : whereas fpirit of wine expands 
gradually, as the heat increafes; but flower at firft, 
and fafter after it is well warm ; and, at a certain 
degree of heat, which wants much of boiling water, 
being almoft tolerable to the touch, it boils vehe- 
mently ; emitting bubbles, which, coming into the 
neck of the thermometer, lift the incumbent fpirit 
to the top : from whence he concludes, that the 

expanfion 
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expanfion of fluids graduated by equal parts, is not 
a lufficient ftandard of heat and cold. 

Mr. Fahrenheit has iince improved the mercurial 
thermometer to a great degree, and brought it to as 
much perfection as, perhaps, it will bear. He has 
remarked, that when the barometer fliews a greater 
degree of prefTure of the atmofphere 5 the fame liquor 
will receive eight, or nine degrees of heat, more than 
when the barometer is at the loweft. But whether 
this proceeds' entirely from the liquor's receiving a 
greater degree of heat, by the preffure of the atmo- 
fphere, may be a matter of fome doubt; as it feems,. 
by comparing the mercurial, vv^ith other thermometers ; 
to be affedled, in fome meafure, by the preffure of 
the atmofphere, in all degrees of heat and cold. 

The making of metalline thermometers has been 
hinted at by many; particularly by Mr. Smeaton, in 
his curious obfervations on the expanfiotl of metals, 
who recommends zink, or fpelter, as moffc capable 
of expanlion, and fittefl for the purpofe. I have en- 
deavoured to make one on this principle, which I 
take the liberty of laying before this Society, with a 
defcription of it^ conftruftion, and an account of the 
few obfervations I have been as yet able to make on^ 
it. [F^de Ta^. XVIIL] 

It is compofed of four metal bars, which ad by a 
combination of levers, and pullies. The upper end 
of the bar A, which is 2 feet long, is oppofed by a 
iat piece of metal x, fere wed faft to a piece of deal^ 
board ; yy jy y^ y^ and its lower end refts on a 
fmall hemifphere, placed on the fhorter arm of the 
lever B,, which is fixed to the board y, 

B^f 
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By the expanfion of the bar A, the fhorter arm 
of the lever B is preffed down : and as the fpace 
defcribed by each of the points of a lever is as 
the diftance from the fulcrum j fo the longer arm 
of the lever B, which is 2-7 as long as the other ; 
is raifed proportionably ; and the fecond bar C, 

2 feet 2 inches long, the lower end of which 
is placed to the point of the lever B, by a fmall pin, 
round which it is moveable ; and the upper end, in 
like manner j to the fhorter arm of the fecond lever 
D ; is raifed accordingly ; and thereby the longer 
arm of the lever D, which is a| as long as the other, 
is proportionably preffed down ; to which is added 
the expanfion of the bar C, increafed, in like man- 
ner, bv the lever D. 

The third bar E, 2 feet 4 inches long, is placed 
to the point of the longer arm of the kver D, and 
the fhorter arm of the third lever F, which it prefTes 
down accordingly ^ and the longer arm of this lever, 
which is four times as long as the other, is thereby 
proportionably raifed; to which is alfo added the ex- 
panfion of the third bar E, increafed by the lever F. 

There is an arch-head dy fixed to the point of the 
longer arm of the lever F, to which the fourth bar 
G, 3 feet long, is fixed by two chains, which raife 
and lower it, as that arm rifes or falls ; and, at the 
diflance of 2 feet 6 inches, there is a pulley H, 

3 inches diameter. There are two cords fixed to 
this pulley, furrounding it different ways, one lead- 
ing upwards, the other downwards, which pafs 
through the bar G, and are fixed to two fprings by b^ 
which keep them equally tight > and the bar clofe to 

the 
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the pulley H, which is turned diiFerent ways, as the 
bar G is moved upwards or downwards. 

There is a pulley f fixed on the other fide of the 
bar G, oppofite the arch-head of the lever F, on 
which the bar rolls ; and which, by the help of a 
flender fpring, keeps it clofe to the arch-head 3 to- 
wards the upper end, there is another pulley q^ on 
which it alfo moves. 

The expanfion of the bar G, from the place where 
it is fixed to the arch-head d^ to the place where it is 
fixed by the firings to the pulley H, is to be added to 
the expanfion of the other three bars, increafed by the 
ieveral levers. 

There are two fmall pullies h and /, the pulley h 
one inch diameter, and the pulley / a quarter of an 
inch diameter, whofe axis pafl^es through that of 
the pulley h^ like the hands of a clock; and on thefe 
are placed, in like manner, two indexes k and /, 
which move round the dial I, that is i a inches dia- 
meter. Thefe pullies are furrounded by cords, which 
alfo furround, and are faftened to fprings within the 
pulley H. The index /, which may be called the 
minute-hand, is moved 4 times round for once the 
index k is moved round ; the index / ranges at its 
extreme point 48 times as much as the bar G rifes 
or falls • and the index k \2 times. 

As the powers of thefe levers are all reverfed, with 
refped: to the preflure by the expanfion of the bars; 
there are two counterballance fprings e and /, placed 
under the longer arms of the levers B and D, which 
help to raife the bars eafily ; and there is another fpring 
^, ading on a fmall roller, placed on the top of the 

Vol- LI. fO bar 
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bar G, which returns all the bars on their con- 
tradion. 

On the dial-plate I, there are three circles defcribed. 
The inward circle is divided into 240^^, according to 
Fahrenheit's fcale. The middle circle is divided into 
3^0^, which is intended to mark the expanfion of 
different metals. The outward circle is divided into 
1080 parts, to which the longer index / points, which 
marks 18 divilions for each degree of the inward circle ^ 
and 1 2 for each degree of the middle circle, pointed to 
by the index i. 

The quarter divifions of the dial are marked I, II,, 
III, nil, to ihew^ by the index k^ how often the 
index / has gone round. 

There is a fcrew-hole towards the point, in the 
index i, to fix a fmall pencil in ^ which is moved by 
the index on a circle of wood, or ivory, and marks 
the higheft and loweft degrees it has pointed to, for 
any time \ which faves the continual examination re- 
quifite to form obfervations of this kind; and the 
mark of the pencil isxafily rubbed out, when any 
new obfervation is intended. 

The firft bar A of this inflrument may readily be 
taken out, and replaced ; or any other bar of equal 
length and thicknefs applied \ by which means, the 
inflrument may be ufed as a pyrometer, to meafure 
the expanfion of any bar % feet long, with great 
exadnefs, to the 73,840th part of an inch ^^r foot; 
and, as a thermometer, it marks the alterations in 
the temperature of the air, much more fenfibly than 
any other inrtrument for the purpofe ; the range of 
the minute index / being 74 inches, by the common 
decrees of heat and cold of this climate*. 

If 
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If the greateft expanfion, from freezing to boiling 
water, of the metal bars to be made ufe of in an 
inftrument of this kind, is certainly known ; it may 
be made to mark any minute degree intended. But 
to anfwer a calculation of this kind 5 the levers, and 
pulHes, muft be made with the greateft exadlnefs j 
which I could not prevail on the workman that made 
mine to be fo careful of as I could wiih. It is eafy, 
however, to come to a certain kno wlege of the ex* 
panlion, mechanically. I took a thick book, and 
preffing the leaves between my finger and thumb 
gently 5 meafured off an inch exadly, with a pair of 
compalTeSj from the ift page, which made 5^8 pages, 
I cut off feveral flips from different leaves, each of 
which I placed between two bits of watch-fpring, 
which were marked, in order to place them in the 
fame pofition exadly, on each trial. On examining 
thefe with the inftrument^ I found but few of an 
exa<5t thicknefs ; but that, on a medium, each leaf 
raifed the minute index 130 divifions. So that the 
number of pages, each leaf of which is the 284th 
part of an inch, multiplied by the number of divi^ 
fions it raifes the index ; fhews, that each divifion 
marks the 73,840th part of an inch expanfion per 
foot of the bar A, which is 2 feet long. 

This bar is made of fpelter, which is of fo brittle 
a nature, as makes it difficult to file one of that 
length without breaking. If it is not well caft, it 
will be extremely hollow ; as was the cafe of a bar 
I made ufe of, which did not expand near as much, 
nor as uniformly, as another of the fame metal, and 
contraded much more readily 5 which I could not 
well account for, until it broke by accident 3 when 

fO 2 it 
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it appeared full of large cavities on the infide, though 
the outfide feemed as fair as any other. Some of 
thefe cavities were above an inch long, and the fur- 
rounding metal, after filing, not above the thicknefs 
of a card. I would therefore recommend the weigh- 
ing bars of this metal, in order to obferve the dif- 
ference of expanfion. 

The other bars of this inftrument, as the founder 
informs me, are made of i8 parts fpelter, and 2 of 
copper. I fhould imagine, that there is a greater 
proportion of copper than he owns, from the ap- 
pearance of the metal, and the difproportion in its 
expanfion, to what I fuppofe 2 parts in 20 might 
occafion. 

Since this inftrument has been made, I found, on 
looking over the loth volume of Martin's Abridgment 
of the Philofophical Trarifaftions ; that Dr. Mortimer 
had, in 1735, given the Royal Society a defcription 
and drawing of an inftrument he invented for the 
purpofe ; and that Mr. Johnfon had alfo given a 
drawing of another, invented by Mr. Fothringham. 
Although thefe are of a very different conftrudlion, 
yet, as they were formed on the fame principles, I 
ought, in juftice to thefe gentlemen, to mention 
them. 

I have made what obfervations I could on this in- 
ftrument, fince the fhort time it is made 5 by com- 
paring it with a Fahrenheit's, and a fpirit thermo- 
meter y and find, that it keeps at a medium between 
both ; not rifing at firft fo quick as the mercury, and 
fomewhat quicker than the fpirit. On placing them 
together in the fun, when its heat became intenfe,. 
it rofe at laft fafter than the mercury, and not fo fafl: 

as 
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as the fpirit -, and continued to rife for fome time after 
the others became ftationary. 

I eleftrified the bars of the inftrument, to fee if 
the eledirical fire could produce any degree of heat 
fufficient to expand them ; which, on the firfl trial, 
it feemed to do, by the minute index rifing 6 divi- 
fions in a fliort time. But as I had fome reafon to 
imagine; that this appearance proceeded rather froin 
an increafe of heat, occafioned by two gentlemen 
being in the room with me, when I made the expe- 
riment; I repeated it alone the next day, leaving the 
door open at the time, and could not perceive the 
minute index to rife above one divifion^ which I 
attribute rather to the warmth that my being in the 
room had occafioned. 

I tried the expanfion of a few metal bars, from 
artificial freezing, with pounded ice, and water that 
it diflx)lved into; upon which was poured half an 
ounce of fpirit of tartar, in which Fahrenheit's ther- 
mometer defcended to within one degree only of the 
freezing point: to boiling water, in which it rofe 
to 211^, though the water did but fcarce boil, for 
want of a fufiicient number of lamps. The baro- 
meter flood at 30 inches, and the natural heat of the 
weather at 60^ of Fahrenheit. 

Divifion^* 

^ A bar of fpeker 2 feet long, marked by the! 

minute index — - -— — - — — —3 -^^ 
Spelter 18 parts, and copper 2 parts, accord-*) 

ing to the founder's account — •— — J ^ ' ^^ 
Brafs — — • — — >. — -— — . — ii2o 



* This was the bar, found, on breaking, to b^ hollow^ 

Iron 
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Divifion8« 

Note. Each divifion marks the 73,840th part of 
an inch expanfion per foot. 

I find that thefe come fomewhat near Mr. Smea- 
ton's table. They are far from being as complete 
as I wifli5 but hope to be able to give a more ac- 
curate account hereafter \ as it certainly requires the 
natural cold to be added to the artificial, in order 
to get at the laft degree of the contradion of metals, 
which can be come at in this climate. 

If an inftrument of this kind fhould be deemed 
worthy the attention of the curious, there is no doubt, 
but it may be carried to a much greater degree of per- 
fedion than this, which is but a rude beginning. The 
friaion is little or none, as the fpring at the top of the 
fourth bar, keeps the feveral levers and bars in the fame 
pofition on their axes, whether rifing or falling. It 
may be made much more eafily, and at a lefs expence, 
by making ufe of counterballance weights, inftead of 
fprings^ and by a cord paffing over a pulley placed 
on the top of the fourth bar, with a weight fixed to 
it, which returns the bars, on their contraftion. 

I have one making in this manner. The jStft bar of 

which is 3 feet long, and by a Aider, which is fixed 

by a fcrew, it will meafure the expanfion of any bar, 

within that length. The powers of the levers are 

alfo greater; and the minute hand goes 12 times 

round, for once the other goes round ; by which it 

marks the 300,000 part of an inch expanfion fer 

foot, and ranges a 1 6 inches, by the common degrees 

of heat and cold in this climate. 

Mercury 

4 
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Mercury cannot be ufeful in trying any degrees of 
heat above what makes it boil : and it appears by Dr* 
Hinfell s account of the experiments lately made at 
Peterfbourg, that it may be frozen by extreme cold j 
which makes it unfit for afcertaining the extreme de- 
grees of either. 

An inftrument of this kind might be made by the 
help of a tin cafing, to come between the bars and 
the wood, to receive a bar of iron or fteel, heated to 
any degree within that of its melting ; without any 
detriment to it. And any kind of metal bar will cer- 
tainly bear the moft extreme degree of cold, and pro- 
bably contrad proportionably. I fhould imagine it 
might alfo be made very ufeful in trying minutely the 
expanfion of dijfferent kinds of metals, fit for making 
compound pendulums ; and the exa£tnefs of the pendu- 
lum, when made, might likewife be tried, by artificial 
freezing, or in hard froft, and by boiling it in water. 



LXXL An Account of a Bird fuppofed to he 
bred between a Turkey and Pheafant ; by 
Mr. George Edwards, F. R. S. 

Tq the Rev. Dr. Birch, Secretary to the Royal Society. 

S I R, • 

^ead May zz,^ TTAving in my hands a bird, that, I 
^"^ "^ XjL believe,^ may be a curious and en- 
tertaining fubjefl; to the Royal Society, I prefums, by 
your favour, to lay it before them [Vide Tab, XIX.], 
with its defcription, and what other account of it I 

could 



